While in these in vitro preparations the rate of glucose production per unit tissue weight is equal or superior to that of the isolated perfused liver [9] , the bearing of renal ginconeogenesis on blood glucose homeostasis in the intact animal is still uncertain.
An indirect approach to the problem has been provided by studying the influence of nephrectomy on the development of evisceration hypoglycema or of diabetic hyperglycemia. It was shown that nephrectomized-eviscerated rats rapidly develop fatal hypoglycemia while non-nephrectomized controls maintain blood sugar levels compatible with life for many hours after operation [26] . Similarly the rapid fall of blood sugar after total evisceration of alloxan-diabetic rats is largely prevented if the kidneys are left untouched during evisceration [32] . We previously reported that nephrectomized rats fail to reach hyperglycemia comparable to that of controls in response to the diabetogenie drug N-mouomethylace~amide [13] . These data have been interpreted to mean that the kidiley of the rat releases substantial amounts of glucose into the circulation.
In an attempt to delineate further the role of the kidney in regulating blood glucose in diabetic conditions, we studied the hyperglycemic response of nephrectomized rats to the administration of guinea pig anti-insulin serum (GPAIS). The blood glucose rise was compared to that in a control group of intact animals and in a group of animals with acute anuria caused by ligation of the ureters.
* Supported by Fends National Suisse de la l~echerche Scienti~ique, grant 3.370.70. ** Preliminary communication: Iynedjian and Peters, 1971 [14] .
Materials and Methods

Preparation of Guinea Pig Anti-Insulin Serum (GPAIS)
Antibodies to insulin were raised in guinea pigs by monthly injections of commercial porcine insulin solution (Actrapid| Novo Industri, Copenhagen; kindly supplied by Dr. L.C. Sangrouber) emulsified with Freund's adjuvant (Difco Lab., Detroit), complete for the first inoculation and incomplete for subsequent booster injections. As proposed by Wright et al. [36] hemophilus pertussis vaccine (Institut Sdrothdrapique et Vaccinal Suisse, Berne) was occassionally incorporated into the emulsion. After at least four subcutaneous 2 ml injections (5 U insulin per ml) blood was obtained from groups of guinea pigs by cardiac puncture under light ether anesthesia. The sere were pooled and stored at --80 ~ C. The potency of each lot of serum was evaluated by measuring the rise of blood sugar induced by i.v. injection of 0.5 ml aliquots in conscious fed rats. The hyperglycemic responses were equated to amounts of insulin neutralized by reference to the standard curves published by l~obinson and Wright [27] . Two lots of serum, neutralizing between 0.9 and 1.8 U insulin per ml of serum, were used in the subsequent experiments.
Experimental Design
Male Wistar type rats weighing 180--250 g were used. After 15 h of fasting they were randomly assigned to three groups and were submitted to hephrectomy, ligation of the ureters or sham-operation. The animals were allowed to recover for 3 h and were then injected with 2 ml of GPAIS. A second 2 ml injection of GPAIS was given 1.5 h later. Blood was collected immediately before the first injection and at selected intervals up to 4.5 h thereafter. Injections were administered to, and blood was obtained from, con-scious rats through indwelling aortic catheters implanted on the day before each experiment bY the technique of Popovic and Popovic [23] . Plasma glucose was measured by a g]ucose-oxidase method [12] .
Results
The time-course of hyperglycemia after GPAIS injections in intact controls, in rats with ureteral obstruction and in nephrectomized rats is illustrated in Fig. 1 . In controls plasma glucose rose sharply by 196-4-4.0 mg/100 ml within 1.5 h to reach a plateau lasting until 3.5 h. Then, presumably with the reappearance of unneutralized insulin, blood glucose began to decline towards its normal value. The magnitude of the blood sugar response to GPAIS injections was similar to that observed by others using potent anti-sera [2, 3, 10] . Glucose appeared in the urine of most rats at 1.5 h and massive glucosuria (> 2% as estimated by Tes-Tape, E. Lilly and Co., Indianapolis) was uniformly found at 2.5h.
Acute anuria provoked by tying off the ureters did not affect the initial rate of rise of plasma glucose (197:~ 11.9 rag/100 ml in 1.5 h). Whereas the plasma glucose concentration of intact rats stabilized at 1.5 h when the animals began to spill glucose in the urine, plasma glucose continued to rise until the end of the experiment in the anuric rats.
In contrast, the anephric state was characterized by a blunted blood sugar response to GPAIS. In the nephrectomized rats the initial rise of plasma glucose (136:~5.3 mg/100 ml at 1.5 h) was smaller than in either intact or anuric controls (/9 <0.001). Furthermore, throughout the whole experiment the nephrectomized animals exhibited lower plasma glucose levels than animals made anuric by tying off the ureters.
Discussion
The rise of plasma glucose in reponse to acute insulin deficiency induced by GPAIS was impaired in anephric rats. As demonstrated by the experiments in animals with anuria due to ureteral ligation, this effect can be ascribed to the loss of renal tissue per se rather than to acute uremia.
The depressed hyperglycemic response in anephric rats may reflect curtailed endogenous glucose production and/or a higher rate of peripheral glucose utilization.
The kidney is a major site of insulin degradation [31] , extracting about 40% of the insulin carried by the renal arterial blood [5, 16, 24, 25] . It may therefore be expected that nephrectomy result in insulin sparing. In turn, the insulin spared might enhance peripheral glucose uptake. Actually, increased plasma levels of immunoreactive insulin were found in acutely nephreetomized rats [21] and dogs [33] . However, in the present experiments the anephric state lasted only a few hours and any insulin escaping renal degradation during this period was to be neutralized by antibodies injected in excess. In addition, both acute [18] and chronic [l, 11, 34] renal failure are known to be associated with deterioration rather than improvement of the glucose tolerance. There is thus no obvious reason to believe that the depressed glyeemic response to GPAIS in the anephric rats was due to improved glucose utilization.
More likely, the slower rise of plasma glucose in anephrie rats resulted from reduced glucose input into the blood. Total [28] or partial [7] nephrectomy were reported to impair the capacity of the rat liver for glycogen depositiov. The inability of the liver to mainrain adequate glycogen stores was considered as the reason for the abnormally small blood sugar response to glucagon in patients with chronic renal failure [7] . A similar explanation does probably not apply to the present findings because the rats were fasted for 18 h before the experiments; hepatic glycogenolysis, therefore, contributed little to the hyperglycemic response even in intact animals.
An important fraction of the glucose released into the blood after injection of GPAIS must have originated from gluconeogenesis.
The depressed hyperglycemic response to GPAIS after nephrectomy, thus, probably reflects a depressed rate of glnconeogenesis, either due to the loss of the renal contribution to the overall rate of the formation of glucose or to a depressed rate of hepatic gluconeogenesis in the nephrectomized animal. Hepatic gluconeogenesis does not normally proceed at saturating substrate levels; hepatic gluconeogenesis could, therefore, be slowed down by a fall of the plasma concentration of substrates such as lactate, pyruvate or glucogenic amino acids. The plasma concentrations of these substances were not measured in the present experiments. Nephreetomy, however, cannot be expected to depress the plasma concentrations of these glueogenic substrates. Furthermore, any depression of hepatic gluconeogenesis by the uremic state should have resulted in an equal depression of the hyperglycemic response in nephreetomized animals and in rats with ligated ureters : in the latter group of animals the hyperglycemic response to GPAIS was not depressed.
Jefferson et al. demonstrated accelerated gluconeogenesis in isolated perfused livers taken from rats 1 h after injecting GPAIS [15] . In freeze-clamped rat livers, Williamson observed a pattern of metabolic intermediates indicative of favored glueoneogenesis as early as 30 rain after GPAIS [35] . The present data suggest that renal gluconeogenesis may also increase and possibly contribute a substantial amount of glucose to the organism in a state of acute insulin deficiency.
Several recent studies in the dog have denied net glucose production by the kidney in situ [6, 8, 29, 30] . These studies do not exclude the possibility of sizeable renal glucose output in other species, especially under gluconeogenic conditions like diabetes. Indeed, a significant in vivo glucose production by the kidney was detected in human subjects with respiratory acidosis [1] and after prolonged starvation [22] .
